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© An optoelectronic integrated circuit includes a 
light receiving element for converting an optical sig- 
nal to an electric signal and an electronic circuit for 
processing the electric signal. The light receiving 
element is disposed on a first main surface of the 
substrate and includes p side electrodes and n side 
electrodes alternately arranged in parallel to each 
other. The electronic circuit is disposed on a second 
main surface of the substrate. The light receiving 
element is electrically connected to the electronic 
circuit by a via hole penetrating through the sub- 
strate. In this structure, light incident on the first 
main surface is almost absorbed by the substrate 
and hardly reaches the electronic circuit on the 
second main surface. Therefore, variations in opera- 
tion of the electronic circuit, such as an increase in 
drain current, are reduced. In addition, since a de- 
gree of freedom in arranging these elements on the 
both surfaces of the substrate is increased, a high- 
density integration is achieved, resulting in a small- 
sized IC chip. 
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FIELD OF THE INVENTION 

The present invention relates to an optoelec- 
tronic integrated circuit (hereinafter referred to as 
OEIC) in which signals generated by light-to-elec- 
tricity conversion in a light receiving element are 
processed in a signal processing circuit and, more 
particularly, to that reduces light incident on ele- 
ments other than the light receiving element. 

BACKGROUND OF THE INVENTION 

Figure 11 is a sectional view showing a prior 
art OEIC. Figure 12 schematically shows an equiv- 
alent circuit of figure 11. In the figures, reference 
numeral 1 designates a GaAs substrate approxi- 
mately 100 microns thick. A photodiode 2, which 
receives light and converts the light to electricity, is 
disposed on the GaAs substrate 1. The photodiode 
2 comprises p* layers 2c and n* layers 2d formed 
in the surface region of the substrate 1 by ion 
implantation and p side electrodes 2a and n side 
electrodes 2b formed on the p* layers 2c and the 
n* layers 2d, respectively. A field effect transistor 
(hereinafter referred to as FET) 3 is disposed on 
the GaAs substrate 1. The FET 3 constitutes a 
preamplifier of an input part of an electronic circuit, 
which converts the current obtained in the 
photodiode 2 into voltage signals and outputs the 
voltage signals. 

The FET 3 is formed in the following process. 
First, an active layer 3c and source and drain 
ohmic contact layers 3d are formed in the surface 
region of the substrate 1 by ion implantation. Then, 
a gate metal is deposited on the entire surface of 
the substrate 1 and selectively etched away to 
form a gate electrode 3a. Source and drain ohmic 
electrodes 3b are formed on the source and drain 
ohmic contact layers 3d at opposite sides of the 
gate electrode 3a by a spacer lift-off method. 

Insulating films 8a for protecting the surface of 
the substrate 1 are disposed on the substrate 1 
where the gate electrode 3a, the ohmic electrodes 
3b, and the electrodes 2a and 2b of the photodiode 
are absent. Inter-layer insulating films 8b are dis- 
posed on the insulating films 8a. 

In addition, a resistance 4 as a load of the 
photodiode 2 is connected to the p side electrode 
2a of the photodiode 2. A load resistance 5 is 
connected to the drain electrode 3b of the FET 3. 
Reference numeral 6 designates a bonding pad for 
applying power to the photodiode 2 and the FET 3 
or for taking out signals. A wiring 7a connects the p 
side electrode 2a of the photodiode 2 with the gate 
electrode 3a of the FET 3 and a wiring 7b connects 
the electrode 5a of the load resistance 5 with the 
drain electrode 3b of the FET 3. A protective film 9 
is disposed on the entire surface of the wafer. A 



gold plating layer 10 is disposed on the rear sur- 
face of the substrate 1. When the IC chip is moun- 
ted on a package, the gold plating layer 10 is 
adhered to the package by solder or the like. 

5 Reference numeral 11 designates an optical fiber 
as a transmission medium and reference numeral 
12 designates a light from the optical fiber 11. 
Figures 10(a) and 10(b) are a top plan view and a 
bottom view of the OEIC shown in figure 11. 

70 A description is given of the operation. When 

light 12 (optical signal) having a short wavelength 
of 0.85 micron strikes on the photodiode 2 through 
the optical fiber 11, free holes and electrons gen- 
erate in the p* layer 2c, the n* layer 2d, and a 

75 depletion layer between the layers 2c and 2d and 
then the electrons in the p* layer 2c and the holes 
in the n* layer 2d flow into the depletion layer. The 
holes and electrons in the depletion layer drift 
toward the p* layer 2c and the n* layer 2d, respec- 

20 tively, and a photocurrent generates in proportion 
to the intensity of the light. The photocurrent is 
taken out from the p side electrode 2a. The p side 
electrode 2a is connected to the gate electrode 3a 
of the FET 3 and the load resistance 4 of the 

25 photodiode 2 by the wiring 7a. When the current 
taken out from the p side electrode 2a flows into 
the load resistance 4, the current is converted to a 
voltage signal and input to the gate electrode 3a of 
the FET 3. Then, the voltage signal is amplified by 

30 the voltage amplifier comprising the FET 3 and the 
load resistance 5 and taken out from the bonding 
pad 6 serving as an output terminal. 

In the above-described OEIC, speed of re- 
sponse of the OEIC depends on a CR time con- 

35 stant which is the product of the sum of the capaci- 
tance of the photodiode and the input capacitance 
of the FET (capacitance C) and the load resistance 
of the photodiode (resistance R). With an increase 
in quantity of informations transmitted in optical 

40 communication, in order to realize a high speed 
and low noise OEIC, it is necessary to reduce the 
capacitance component of the photodiode 2. Sev- 
eral tens of microns diameter of the photodiode is 
effective to reduce the capacitance component of 

45 the photodiode. However, a diameter of the core of 
the optical fiber 1 1 , through which light 12 is propa- 
gated, is 10 to 50 microns and the light spreads 
wider than the diameter of the fiber because of a 
diffraction at the end of the fiber. Therefore, if a 

so precision of alignment between the fiber 1 1 and the 
photodiode 2 is poor, the light unfavorably strikes 
on elements other than the photodiode 2. When the 
light strikes on the active layer of the FET, carriers 
in the active layer are excited due to light-to- 

55 electricity conversion and the drain current of the 
FET unfavorably increases, resulting in a malfunc- 
tion of the FET. 
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Meanwhile, figure 13 is a cross-sectional view 
of an OEIC described in Japanese Published Pat- 
ent Application No. 61-135155. In figure 13, a PIN 
type diode 134 and an FET 135 are integrated on a 
semi-insulating GaAs substrate 121. More specifi- 
cally, an n* type GaAs layer 122, an n" type GaAs 
layer 123, and a high resistance AIGaAs layer 124 
are successively disposed on the semi-insulating 
GaAs substrate 121 and a groove 133 separates 
the PIN type diode 134 from the FET 135. In the 
FET 135, an undoped GaAs layer 125 is disposed 
on the AIGaAs layer 124 and an n type GaAs layer 
126 is disposed on the undoped GaAs layer 125. 
Source, drain, and gate electrodes are disposed on 
the n type GaAs layer 126. In the PIN type diode 
134, a groove 136 is formed in the high resistance 
AIGaAs layer 124 and a p type region 128 is 
formed by diffusing zinc from the surface of the 
groove 136 to reach the n~ type GaAs layer 123. P 
side electrodes 130 are disposed on the upper end 
surface of the p type layer 128 and connected to 
the gate electrode of the FET 135 by an aluminum 
wiring 131. An n side electrode 132 of the PIN 
diode 134 is disposed on the n type GaAs layer 
122. Silicon nitride films 127 are disposed on the 
high resistance AIGaAs layer 124 where the p side 
electrodes 130 and the undoped GaAs layer 125 
are absent. 

Also in the structure of figure 13, light unfavor- 
ably strikes on the FET 125. In order to prevent the 
light incident on the FET 125, the Japanese Pub- 
lished Patent Application No. 61-135155 proposes 
a structure shown in figure 14, in which an FET 
113 and a PIN diode 114 are integrated on a semi- 
insulating GaAs substrate 105. In figure 14, a high 
resistance AIGaAs layer 104, an n~ type GaAs 
layer 103, an n type GaAs layer 102, and an n* 
type GaAs layer 101 are successively disposed on 
the semi-insulating GaAs substrate 105. A gate 
electrode of the FET 1 1 3 is disposed on the n type 
GaAs layer 102 and source and drain electrodes 
are disposed on the n* type GaAs layer 101 at 
opposite sides of the gate electrode. The FET 1 1 3 
is separated from the PIN diode 114 by insulating 
regions 108. A groove 106 penetrates the substrate 
105 to expose the high resistance AIGaAs layer 
104 and a p type region 107 is formed by diffusing 
zinc from the surface of the groove 106. P side 
electrodes 1 10 of the PIN diode 114 is disposed on 
the upper end surface of the p type layer 107 and 
an n side electrode 109 thereof is disposed on the 
n* type GaAs layer 101. The n side electrode 109 
is connected to the gate electrode of the FET 1 1 3 
by an aluminum wiring 112. 

In operation, an optical fiber is inserted in the 
groove 106 of the diode 114 to generate free 
electrons in the p type layer 107. The free elec- 
trons thus generated travel through the n~ GaAs 



layer 103, the n type GaAs layer 102, and the n* 
type GaAs layer 101, so that carriers are trans- 
ferred in a longitudinal direction and taken out from 
the n type electrode 109. Therefore, in order to 

5 provide a path for the carriers, it is necessary to 
separate the FET 113 from the PIN diode 114 by 
the insulating region 108, and a restriction is 
placed on a positional relation between the PIN 
diode 114 and the FET 113, that is, a degree of 

70 freedom in arranging these elements is decreased. 
As a result, a high density integration is not 
achieved. In addition, since the lamination structure 
is employed, the production process is compli- 
cated, resulting in high costs. 

75 

SUMMARY OF THE INVENTION 

It is an object of the present invention to pro- 
vide an OEIC that places no restriction on a layout 

20 of elements when a light receiving element is dis- 
posed on a surface of a substrate and an electronic 
circuit element is disposed on the other surface of 
the substrate and that reduces a light incident on 
the electronic circuit element. 

25 Other objects and advantages of the present 

invention will become apparent from the detailed 
description given hereinafter; it should be under- 
stood, however, that the detailed description and 
specific embodiment are given by way of illustra- 

30 tion only, since various changes and modifications 
within the spirit and scope of the invention will 
become apparent to those skilled in the art from 
this detailed description. 

According to a first aspect of the present in- 

35 vention, an OEIC comprises a light receiving ele- 
ment disposed on a main surface of a substrate, an 
electronic circuit disposed on the opposite surface 
of the substrate, and a via hole electrically connect- 
ing the light receiving element to the electronic 

40 circuit. In this structure, since the substrate is thick, 
light incident on the surface where the light receiv- 
ing element is present is almost absorbed by the 
substrate and hardly reaches the electronic circuit 
on the rear surface of the substrate. As the result, 

45 variations in operation of the electronic circuit, such 
as an increase in drain current, are reduced. In 
addition, when the light receiving element and the 
electronic circuit are formed on the both surfaces 
of the substrate, no restriction is placed on a layout 

50 of these elements, whereby reduction in chip size 
is achieved. 

According to a second aspect of the present 
invention, an OEIC comprises a light receiving ele- 
ment disposed on a main surface of a first sub- 
55 strate and an electronic circuit disposed on a main 
surface of a second substrate. The first and second 
substrates are united by connecting rear surfaces 
of the respective substrates to each other. There- 
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fore, even when the light receiving element and the 
electronic circuit i.e., signal processing circuit, are 
formed on the different substrates, light incident on 
the electronic circuit is effectively reduced. In addi- 
tion, various kinds of light receiving elements are 
produced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1(a)-1(b) are plan views of an OEIC in 
accordance with a first embodiment of the 
present invention, in which figure 1(a) is a top 
plan view and figure 1(b) is a bottom view; 
Figure 2 is a sectional view of a part of the 
OEIC shown in figures 1 (a)-1 (b); 
Figures 3(a) to 3(e) are sectional views of steps 
in a method for producing the OEIC shown in 
figure 2; 

Figure 4 is a sectional view of an IC package on 
which the OEIC shown in figure 2 is mounted; 
Figures 5(a)-5(b) are plan views of an OEIC in 
accordance with a second embodiment of the 
present invention, in which figure 5(a) is a top 
plan view and figure 5(b) is a bottom view; 
Figure 6 is a sectional view of an IC package on 
which the OEIC shown in figures 5(a)-5(b) is 
mounted; 

Figures 7(a)-7(b) are plan views of an OEIC in 
accordance with a third embodiment of the 
present invention, in which figure 7(a) is a top 
plan view and figure 7(b) is a bottom view; 
Figure 7(c) is a sectional view of an IC package 
on which the OEIC shown in figures 7(a)-7(b) is 
mounted; 

Figure 8 is a sectional view of an OEIC in 
accordance with a fourth embodiment of the 
present invention; 

Figure 9(a) is a sectional view of an OEIC in 
accordance with a fifth embodiment of the 
present invention; 

Figure 9(b) is a sectional view showing a modi- 
fication of the OEIC of figure 9(a); 
Figures 10(a)-10(b) are plan views of the prior 
art OEIC, in which figure 10(a) is a top plan view 
and figure 10(b) is a bottom view; 
Figure 11 is a sectional view of a part of the 
prior art OEIC shown in figures 10(a)-10(b); 
Figure 12 is a schematic diagram of an equiv- 
alent circuit of the OEIC shown in figure 1 1 ; 
Figure 13 is a sectional view of an OEIC in 
according with the prior art; 
Figure 14 is a sectional view of an OEIC in 
according with the prior art; 
Figure 15 is a graph showing absorption coeffi- 
cients of various light receiving elements at the 
respective wavelengths; and 
Figure 16 is a graph showing an absorption 
characteristic of a substrate to an optical signal. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Figures 1(a)-1(b) are plan views showing an 

5 OEIC in accordance with a first embodiment of the 
present invention, in which figure 1 (a) is a top plan 
view and figure 1(b) is a bottom view. In the 
figures, the same reference numerals as in figures 
10(a)-10(b) designate the same or corresponding 

10 parts. A p side electrode and an n side electrode of 
the photodiode 2 are opposite to each other on the 
surface of the GaAs substrate 1 so that fingers of 
the p side electrode may alternate with fingers of 
the n side electrode. A via hole 13 connects the 

15 photodiode 2 to an FET 3 on the rear surface of 
the substrate 1 and a load resistance 4 of the 
photodiode. In the following description, the load 
resistance 4 will be omitted. 

Figure 2 is a sectional view of a part of the 

20 OEIC shown in figures 1(a)-1(b). However, figure 2 
is one for explaining electrical connections of ele- 
ments in the OEIC, so that it is different from an 
actual sectional view of figures 1(a)-1(b) and ele- 
ments in figure 2 do not exactly correspond to the 

25 elements in figures 1(a)-1(b). Figures 3(a)-3(e) are 
sectional views of process steps in a method for 
producing the OEIC of figure 2. 

A description is given of the production meth- 
od. 

30 First, as shown in figure 3(a), ions are im- 

planted into the GaAs substrate 1 about 100 
microns thick from both surfaces, whereby p lay- 
ers 2c and n* layers 2d of the photodiode are 
formed on a main surface (hereinafter referred to 

35 as a first surface) of the substrate 1 and an active 
layer 3c of the FET and a resistance 5 are formed 
on the opposite surface (hereinafter referred to as a 
second surface). Then, as shown in figure 3(b), an 
insulating film 14 is disposed on the first surface of 

40 the substrate 1. Thereafter, a gate electrode 3a of 
the FET is disposed on the second surface of the 
substrate 1 and ions are implanted using the gate 
electrode 3a as a mask to form ohmic contact 
layers 3d self-alignedly with the gate electrode 3a. 

45 Then, an insulating film 8a is deposited on the 
second surface of the substrate and patterned to 
form ohmic electrodes 3b of the FET and ohmic 
electrodes 5a of the resistance 5. Thereafter, an 
insulating film 8b is deposited thereon. 

so Then, as shown in figure 3(c), a via hole 13 for 

connecting the photodiode 2 to the FET 3 is 
formed through the substrate 1 from the second 
surface by dry etching. At this time, the dry etching 
is carried out until the surface of the insulating film 

55 14 is exposed at the bottom of the via hole 13. 
After patterning the insulating film 8b, wirings 7b 
and 7c are formed by gold plating. The wiring 7b 
connects the ohmic electrodes 5a of the resistance 
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5 to the ohmic electrodes 3b of the FET 3 and the 
wiring 7c connects to the gate electrode 3a of the 
FET 3 and covers the internal walls of the via hole 

13. Since the insulating film 14 is present at the 
bottom of the via hole 13, the gold plating layer, 
i.e., the wiring 7c is formed on the insulating film 

14. Thereafter, a protective film 9a is formed on the 
entire surface. 

The wafer is turned upside down and the in- 
sulating film 14 is removed. Then, an insulating film 
8c is deposited thereon and patterned to expose 
the p* layers 2c and the n* layers 2d, and p side 
electrodes 2a and n side electrodes 2b are depos- 
ited on the p* layers 2c and the n* layers 2d, 
respectively. Thereafter, an insulating film 8d is 
deposited thereon and patterned into a prescribed 
shape. Then, a wiring 7a connecting the p side 
electrodes 2a to the wiring 7c in the via hole 13 is 
formed by gold plating, whereby the p side elec- 
trodes 2a of the photodiode 2 are electrically con- 
nected to the gate electrode 3a of the FET 3. 
Finally, a protective film 9b is formed on the entire 
surface, completing the structure of figure 3(e). 

In operation, light having short wavelength of 
0.85 micron incident on the photodiode 2, disposed 
on the surface of the substrate 1 , is converted to a 
current. The current is taken out from the p side 
electrodes 2a of the photodiode 2 and input to the 
gate electrode 3a of the FET 3, disposed on the 
opposite surface of the substrate 1, through the 
wirings 7a and 7c. At this time, since the substrate 
1 is as thick as 100 microns, light incident on 
elements other than the photodiode 2 is completely 
absorbed by the substrate 1 without reaching the 
active layer 3c of the FET 3 on the rear surface of 
the substrate, resulting in a stable operation of the 
FET 3. 

When a reflection coefficient is R, an absorp- 
tion coefficient is a, and a thickness of the sub- 
strate is x, a power of incident light P opt is repre- 
sented as follows. 

Popt = (1 - RJe 8 * (1) 

Figure 15 is a graph showing absorption coeffi- 
cients of various light receiving elements at respec- 
tive wavelengths. As shown in figure 15, an absorp- 
tion coefficient a of GaAs substrate to an optical 
signal having a wavelength X of 0.85 micron is 4 X 
10 3 cm -1 (4 X 10 _1 urn -1 ). When this absorption 
coefficient is substituted for a in the equation (1) 
and R is equal to 0, an absorption characteristic of 
the GaAs substrate to the optical signal is plotted 
as shown in figure 16. As shown in figure 16, the 
optical signal having short wavelength of 0.85 mi- 
cron incident on the substrate is completely ab- 
sorbed before it reaches a depth of about 20 
microns from the surface of the substrate. 
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The current taken out from the p side elec- 
trodes 2a of the photodiode is transferred to the 
load resistance 4 through the wiring 7a and the 
wiring 7c in the via hole and converted to a voltage 

5 signal. The voltage signal is amplified by the volt- 
age amplifier comprising the FET 3 and the load 
resistance 5 and taken out of the device from the 
bonding pad 6 as an output power. 

The OEIC constituted as described above is 

ro mounted on a package as illustrated in figure 4. In 
figure 4, reference numeral 15 designates the 
package. Lead terminals 16, for application of pow- 
er and output of signals, are disposed on the 
package 15 via ceramic substrates 18 which in- 

15 sulate the lead terminals 16 from the package 15. 
An end of the lead terminal 16 is drawn out of the 
package 15 and a pad 17 is formed on the other 
end of the lead terminal 16. The pad 17 is con- 
nected to the bonding pad 6 on the rear surface of 

20 the IC chip by solder 19, whereby the IC chip is 
fixed. A thickness of the ceramic substrate 18 is 
selected so that the FET 3 on the rear surface of 
the IC chip may not be in contact with the base of 
the package 15. A bonding pad 6 on the surface of 

25 the IC chip 1 is connected to the lead terminal 16 
by a wire 20. A lid 21 is disposed on the package 
15 and a window 22 is set in the lid 21 above the 
photodiode 2. 

While the bonding pads 6 are disposed on 

30 both sides of the substrate 1 in figure 4, the bond- 
ing pads 6 may be disposed on either surface of 
the substrate. 

Figures 5(a)-5(b) are plan views of an OEIC in 
accordance with a second embodiment of the 

35 present invention, in which figure 5(a) shows a top 
plan view and figure 5(b) shows a bottom view. In 
this second embodiment, the bonding pads 6 for 
power application and output of signals are only 
disposed on the surface of the substrate 1 and 

40 mount pads 23 for fixing the substrate 1 onto the 
package are disposed on the rear surface of the 
substrate. That is, the pads of the FET on the rear 
surface of the substrate are connected to the bond- 
ing pads 6 on the surface of the substrate by via 

45 holes 13. Therefore, positions of the pads are not 
restricted in designing the package, resulting in a 
greater degree of freedom in arranging the ele- 
ments. 

The OEIC shown in figures 5(a)-5(b) is moun- 
50 ted on a package as illustrated in figure 6. As 
shown in figure 6, the bonding pads 6 are con- 
nected to the lead terminals 16 by wires 20. When 
the IC chip is fixed onto the package 15, a precise 
alignment is not required between the pads 23 on 
55 the rear surface of the IC chip and the pads 1 7a of 
the lead terminals 16, so that the mounting is 
easily carried out. 
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Figures 7(a)-7(b) are plan views showing an 
OEIC in accordance with a third embodiment of the 
present invention, in which figure 7(a) shows a top 
plan view and figure 7(b) shows a bottom view. In 
this OEIC, all bonding pads 6 are disposed on the 
rear surface of the substrate. Pads of the 
photodiode 2 on the surface of the substrate are 
connected to the bonding pads 6 by via holes 13. 
When this OEIC is mounted on a package, the 
bonding pads 6 are directly connected to the lead 
terminals 16, so that the wire bonding process can 
be dispensed with and the fabrication is simplified. 

According to the first to third embodiments of 
the present invention, the light receiving element 
(photodiode) 2 is disposed on a main surface of the 
GaAs substrate 1 and the electronic circuit (FET) 3 
is disposed on the opposite surface of the sub- 
strate and these elements are connected to each 
other by the wirings 7a and 7c through the via hole 
13. Therefore, light incident on the electronic circuit 
3 is completely absorbed by the substrate. In addi- 
tion, there is no restriction on the positioning of the 
light receiving element and the electronic circuit, 
i.e., a degree of freedom in a layout of these 
elements is increased, resulting in a high-density 
integration of an OEIC. 

While in the above-described first to third em- 
bodiments the substrate 1 comprises GaAs, the 
substrate 1 may comprise other semiconductor 
materials, for example, InP, silicon, or the like. 

Although the window 22 is set in a part of the 
lid 21 in the above-described first to third embodi- 
ments, the package 15 may be covered with the 
window 22 because the FET 3 is present on the 
rear surface of the substrate. In this case, a precise 
alignment between the IC chip and the lid is not 
required, resulting in easy fabrication. 

Figure 8 is a cross-sectional view of an OEIC in 
accordance with a fourth embodiment of the 
present invention. In this embodiment, a 
photodiode 2 and an FET 3 are disposed on dif- 
ferent substrates 1a and 1b, respectively. Surfaces 
of the substrates 1a and 1b, on which these ele- 
ments are absent, are opposed to each other and 
the photodiode 2 is electrically connected to the 
FET 3 by via holes 13a and 13b. More specifically, 
the via hole 1 3a is formed through the substrate 1 a 
from the surface where the photodiode 2 is present 
and connects the photodiode 2 to a bonding pad 
6a on the rear surface of the substrate 1a. The via 
hole 13b is formed through the substrate 1b from 
the surface where the FET 3 is present and con- 
nects the FET 3 to a bonding pad 6b on the rear 
surface of the substrate 1b. The bonding pads 6a 
and 6b are connected to each other by solder 19, 
whereby the photodiode 2 is electrically connected 
to the FET 3. 



Figure 9(a) is a cross-sectional view of an 
OEIC in accordance with a fifth embodiment of the 
present invention. In this embodiment, a 
photodiode 2 is disposed on a substrate 1a while 

5 an FET 3 is disposed on a substrate 1 b, and p side 
and n side electrodes 2a and 2b of the photodiode 
2 is connected to the gate electrode 3a of the FET 
3. More specifically, gold plating layers 10 on the 
rear surfaces of the substrates 1a and 1b are 

10 connected by solder 19. The gate electrode 3a of 
the FET 3 is connected to a pad 6 through a via 
hole 13. A wiring 71a connecting to the p side 
electrode 2a of the photodiode 2 is connected to 
the pad 6 by a wire 20. 

75 Figure 9(b) illustrates a modification of the 

OEIC shown in figure 9(a). In this modification, the 
p side electrode 2a of the photodiode 2 is con- 
nected to the pad 6 through the via hole 13. A 
wiring 71b connecting to the gate electrode 3a of 

20 the FET 3 is connected to the pad 6 by the wire 
20. 

According to the fourth and fifth embodiments 
of the present invention, since the light receiving 
element (photodiode) and the electronic circuit 

25 (FET) are disposed on different substrates, light 
incident on the electronic circuit is reduced simi- 
larly as the first to third embodiments of the 
present invention. In addition, various materials can 
be used for the substrates. For example, if silicon 

30 is used for the substrate of the light receiving 
element, a long wavelength light receiving element 
is realized. Thus, a degree of freedom in combin- 
ing devices is increased. 

As is evident from the foregoing description, 

35 according to the present invention, a light receiving 
element is disposed on a main surface of a sub- 
strate and an electronic circuit is disposed on the 
opposite surface of the substrate. The light receiv- 
ing element is electrically connected to the elec- 

40 tronic circuit by a via hole. Therefore, light incident 
on the surface where the light receiving element is 
present is almost absorbed by the substrate and 
hardly reaches the electronic circuit on the rear 
surface of the substrate. As the result, variations in 

45 operation of the electronic circuit, such as an in- 
crease in drain current, are reduced. In addition, 
since a degree of freedom in arranging these ele- 
ments on the both surfaces of the substrate is 
increased, a high-density integration is achieved, 

50 resulting in a small-sized IC chip. 

In addition, according to the present invention, 
a light receiving element is disposed on a main 
surface of a first substrate and an electronic circuit 
is disposed on a main surface of a second sub- 

55 strate. The first and second substrates are united 
by connecting rear surfaces of the respective sub- 
strates to each other. Therefore, even when the 
light receiving element and the electronic circuit, 
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i.e., signal processing circuit, are formed on the 
different substrates, light incident on the electronic 
circuit is effectively reduced. In addition, since var- 
ious materials are used for the substrates, various 
kinds of light receiving elements are produced and 
a degree of freedom in combining devices is in- 
creased. 

Claims 

1. An optoelectronic integrated circuit comprising: 

a substrate; 

a light receiving element for converting an 
optical signal to an electric signal, which is 
disposed on a first main surface of the sub- 
strate and includes p side electrodes and n 
side electrodes alternately arranged in parallel 
to each other; 

an electronic circuit for processing the 
electric signal, which is disposed on a second 
main surface of the substrate; and 

a via hole penetrating through the sub- 
strate and electrically connecting the light re- 
ceiving element to the electronic circuit. 

2. An optoelectronic integrated circuit comprising: 

a first substrate; 
a second substrate; 

a light receiving element for converting an 
optical signal to an electric signal, which is 
disposed on a main surface of the first sub- 
strate; 

an electronic circuit for processing the 
electric signal, which is disposed on a main 
surface of the second substrate; and 

said first and second substrates being unit- 
ed by connecting rear surfaces of the respec- 
tive substrates. 

3. The optoelectronic integrated circuit of claim 2 
further comprising: 

a first via hole penetrating through the first 
substrate to reach the opposite surface and 
electrically connecting to the light receiving 
element; 

a second via hole penetrating through the 
second substrate to reach the opposite surface 
and electrically connecting to the electronic 
circuit; and 

a solder connecting the first and second 
via holes to each other. 



a wire connecting said via hole to an elec- 
trode of the electronic circuit disposed on the 
main surface of the second substrate. 

5 5. The optoelectronic integrated circuit of claim 2 
further comprising: 

a via hole penetrating through the second 
substrate to reach the opposite surface and 
electrically connecting to the electronic circuit; 

io and 

a wire connecting said via hole to an elec- 
trode of the light receiving element disposed 
on the main surface of the first substrate. 

15 6. The optoelectronic integrated circuit of claim 1 
wherein a plurality of first bonding pads con- 
necting to the light receiving element are dis- 
posed on the first main surface of the sub- 
strate and a plurality of second bonding pads 

20 connecting to the electronic circuit are dis- 

posed on the second main surface of the sub- 
strate, and when the substrate is mounted on a 
package with the second main surface down, 
the second bonding pads are connected to 

25 lead terminals of the package by solder and 

the first bonding pads are connected to lead 
terminals of the package by wires. 

7. The optoelectronic integrated circuit of claim 6 
30 wherein bonding members are disposed on the 

second main surface of the substrate and the 
second bonding pads connecting to the elec- 
tronic circuit on the second main surface are 
led onto the first main surface through via 

35 holes, and when the substrate is mounted on a 

package with the second main surface down, 
the bonding members are fixed onto mount 
pads of the package and the second bonding 
pads are connected to the lead terminals of 

40 the package by wires. 

8. The optoelectronic integrated circuit of claim 6 
wherein the first bonding pads connecting to 
the light receiving element on the first main 

45 surface of the substrate are led onto the sec- 

ond main surface by via holes and when the 
substrate is mounted on the package with the 
second main surface down, the first bonding 
pads are connected to the lead terminals of 

so the package by solder. 



The optoelectronic integrated circuit of claim 2 
further comprising: 

a via hole penetrating through the first 
substrate to reach the opposite surface and 
electrically connecting to the light receiving 
element; and 
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